ABSTRACT. The immunoreactivity of constitutive endothelial nitric oxide synthase (eNOS) was studied in the trigeminal ganglia (TG) of a crotaline snake, Trimeresurus flavoviridis. eNOS immunoreactivity was found in TG neurons of different sizes. The percentage of eNOS-positive TG neurons was significantly higher in the mandibular division than in the infrared-related divisions, the maxillary division and ophthalmic ganglion (p<0.001). These findings suggest that eNOS in the TG of crotaline snakes is involved in constitutive neurotransmission in the TG, and is minimally involved in processing in the infrared-sensory system. KEY WORDS: crotaline snake, endothelial nitric oxide synthase, trigeminal ganglion neuron.
Crotaline snakes possess a pair of pit organs that are infrared receptors. One pit organ is located on each side of the face, roughly midway between the nostril and the eye. Neurons in the trigeminal ganglia (TG) of these snakes transmit infrared sensory information from the pit organs to the central nervous system [8] .
Nitric oxide (NO) is believed to serve as a neurotransmitter or modulator in a number of different processes, it is synthesized from L-arginine via nitric oxide synthase (NOS) [1, 3, 11] . NOS and reduced nicotinamide adenine dinucleotide phosphate diaphorase (NADPH-d) histochemistry have provided powerful evidence that NO is synthesized in a number of specific groups of neurons and glial cells [4, 6] . In the Reptilia, NOS isoforms identified in the turtle brain have conserved consensus sequences for NADPH binding sites [2] . However, NADPH-d activity does not colocalize with NOS immunoreactivity in some regions [7, 10, 12] . Previously, constitutive neuronal NOS (nNOS) and NADPH-d reactivity were found in the TG of infrared-sensitive snakes, suggesting that they are involved in neurotransmission in the TG [7, 10] . The endothelial isoform of nitric oxide synthase (eNOS), a constitutive NOS, ensures enzymatic production of nitric oxide (NO) in endothelial and other cell types, such as retinal ganglion cells, vestibular hair cells, and astrocytes [4, 5, 13] . However, little is known of the involvement of constitutive eNOS in the snake TG.
This study examined the expression of eNOS in the maxillary, mandibular, and ophthalmic divisions of trigeminal ganglion neurons of an infrared-sensitive snake, Trimeresurus flavoviridis.
Six crotaline snakes of both sexes weighing 400-700 g were used. The animals were anesthetized with isoflurane before being perfused through both carotid arteries with cold (4°C) snake Ringer's solution (0.81% NaCl, 0.022% KCl, 0.026% CaCl 2 ) and fixative containing 4% paraformaldehyde (PFA) in 0.1 M phosphate-buffered saline (PBS, pH 7.4). The TG and brain were removed and processed for paraffin embedding. The pit membranes were also removed and stored in fixative at 4°C until immunohistochemical processing.
Immunostaining of eNOS was performed as in a previous study [10] . For cell size and modality analyses, we used an immunofluorescence method and confocal microscopy (OLYMPUS FLUOVIEW ® , Olympus, Tokyo, Japan). Briefly, sections were incubated with blocking serum and primary mouse anti-eNOS antibody (1:200 dilution, Transduction Laboratories, Lexington, KY). The sections were exposed to fluorescein-5-isothiocyanate (FITC)-conjugated goat anti-mouse IgG (1:50 dilution; Zymed Laboratories Inc, San Francisco, CA) and examined on a confocal microscope. The cross-sectional area of FITC-labeled cell bodies that contained the nuclear profiles was measured with FLU-OVIEW (version 2.0) software and recorded on glossy prints, as in our previous study [10] .
We evaluated statistical significance with a one-way ANOVA using the post-hoc Student-Newman-Keuls procedure for multiple comparisons. Differences with p<0.05 were considered significant.
Immunoreactivity of eNOS appeared in neurons of various shapes and sizes in all three divisions (maxillary, mandibular, and ophthalmic) of the TG (Fig. 1) . However, satellite cells and Schwann cells in the TG were eNOS negative.
A previous study using HRP labeling of neurons from the pit organ to the TG revealed HRP-positive infrared-sensory neurons in the ophthalmic ganglion and maxillary division of the maxillo-mandibular ganglion, but not in the mandibular division [8] .
In all, 15.7% (136/864) of TG neurons were eNOS positive. As shown in Table 1 , the percentages of eNOS-positive neurons (positive neurons/total neurons × 100 in each division, n=3) in the maxillary division (about 3.5-fold lower) and ophthalmic ganglion (about 6-fold lower) differed significantly from that in the mandibular division of the TG (p<0.001). This difference in the distribution of eNOS expression among the divisions suggests that eNOS is not associated with infrared sensory processing in infraredsensitive snakes directly. This postulate is further supported by the fact that eNOS was not detected in the infraredrelated areas of the pit membrane (terminal nerve masses and infrared nerve fibers) or central nervous system (lateral descending nucleus and nucleus reticularis caloris) (data not shown); moreover, NADPH-d was not present in these areas [7] .
TG neurons of all sizes contained eNOS. We defined three arbitrary classes of eNOS-positive neurons by size, as in our previous study [10] : small neurons were 0-599 µm 2 (major diameter: 33.75 ± 2.60 µm, minor diameter: 21.13 ± 1.42 µm); medium-sized neurons were 600-1199 µm 2 (major diameter: 43.80 ± 1.77 µm, minor diameter: 30.95 ± 1.35 µm), and large neurons were 1200-2199 µm 2 (major diameter: 55.33 ± 2.57 µm, minor diameter: 42.42 ± 2.37 µm).
Within the individual populations in the TG, eNOS-positive neurons were more abundant among the large (20.3%, 12/59) and small neurons (34.8%, 8/23) than among medium-sized neurons (12.8%, 20/156). There is general agreement that neurons of different sizes play different roles in the nervous system. In the TG of infrared-sensitive snakes, the infrared-sensory neurons (temperature neurons) are mostly medium-sized (major diameter: 42.1 ± 5.3 µm, minor diameter: 31.2 ± 4.7 µm) [12] . They are similar in size to nociceptive A-δ neurons, smaller than tactile and vibrotactile neurons, and larger than the C nociceptive neurons of the TG [9] . Our results suggest that the majority of eNOS-positive immunoreactivity occurs in small C mechanical nociceptive neurons and large tactile or vibrotactile neurons. Moreover, a small percentage of mediumsized eNOS-positive neurons may be medium-sized nociceptive A-δ neurons in the TG. In addition, the observed pattern of eNOS immunoreactivity is similar to that of neuronal NOS reported previously [10] . A minor difference is that the percentage of eNOS expression in the maxillary division (about 3.7% of all neurons) is about 2-fold lower than that of nNOS (about 6.9%). Based on cell size, the eNOS-positive population differs somewhat from the population of NADPH-d-positive neurons: NADPH-d-positive neurons were identified mostly in the small TG neurons [7] , whereas eNOS was expressed in both large and small neurons in the TG. This phenomenon of non-colocalization of NADPH-d and NOS was shown in a previous study [12] . This is the first study to immunolocalize eNOS in the TG neurons of infrared-sensitive snakes, and we postulate that eNOS acts as a neurotransmitter in TG neurons, possibly by generating physiological NO, while it is less involved in infrared-sensory processing.
